iNTrodUCTioN
The use of biomass for energy is gaining attention among policy-makers, energy supply companies, and the public (BMU, 2009; Leitl, 2007) . There are several motives for this increased attention: firstly, due to bioenergy's potentially lower carbon dioxide emissions, it is expected to contribute less to climate change than the use of fossil energy resources. Secondly, biomass use for energy would preserve fossil energy reserves. Thirdly, it could strengthen rural development by giving the farmers an alternative source of income besides food production. Finally, by using local biomass for energy, the domestic energy supply will be stabilized, thus reducing dependency on otherpotentially unstable -countries for the import of energy resources (oil, uranium, natural gas, etc.) (IEA, 2004; Van Loo & Koppejan, 2008) .
However, in discussions on sustainable development in terms of the use of biomass for energy, not only positive effects are mentioned. There are also concerns that the use of mono-cultures will increase due to a higher demand for energy crops, which would result in massive land-use changes to accommodate more high-productive crops like maize. In addition, an increase in transport activity is expected in rural areas, which would aggravate air pollution and disturbance. Another point relates to the direct emissions of energy plants, such as fine dust and sulfur dioxides, which could be hazardous to the local human health. The designation of areas for energy crop production is a highly controversial issue, too. In cases where areas for food production, nature conservation or grassland are used for the production of energy crops, criticism is to be expected with regards to the ethical aspects and the environmental effects (e.g., more carbon dioxide emissions through the ploughing of grassland and a reduction in the biodiversity) (Jessel, 2008; Fritsche et al., 2009) .
With this as a backdrop, several concepts for biomass use for energy have been realized or are in the planning stage in Germany. However, economic, ecological, and social aspects have to be considered when following the principles of sustainable development. Therefore, the decision process concerning the biomass plant's type and dimension has become increasingly complicated and multi-criteria-decision models may need to be applied to arrive at the best agreement (Bucholz, Rametsteiner, Volk & Luzardis, 2009 ). Linked to the decision model is the crucial management of considerable amounts of diverse data. The coordination of these data and their processing to arrive at different visualized results pose a challenge for the decision model's central information system. The requirements and challenges of this information system are the same as those demanded by a corporate environmental information system. The latter is a system for the acquisition, processing, and communication of relevant environmental data, which originate from different scientific fields (biology, physics, chemistry, geology, meteorology, psychology, social and economic sciences). Furthermore, such data are extensive as well as time and space dependent (see Rautenstrauch, 1999; Page & Rautenstrauch, 2001 ). Thus, the information management should provide suitable methods to collect and condense data in different formats and from heterogeneous sources.
baCkGroUNd
Over the past years, many concepts for bioenergy alternatives have been developed on a local scale in Germany. The idea of an energy-self-sufficient village emerged from a group of scientists at the Interdisciplinary Centre for Sustainable Development (IZNE, in German: Interdisziplinäres Zentrum für Nachhaltige Entwicklung) at the University Göttingen in 1998. The main aim was to have a village produce at least as much electric energy as needed by the residents and the local industry. The production of heat had to cover at least two-third of the demand. Another requirement was that the heat customers and the farmers providing the biomass would actively participate in the planning process of the village energy supply's conversion. With this idea in mind, the scientists chose a suitable village in the Göttingen district as a pilot project from 17 appropriate and interested villages. Ultimately, the village Jühnde was chosen as the model village. Jühnde has 780 inhabitants, nine farmers, an agricultural area of 1,300 ha and a forest area of 800 ha (Ruppert et al., 2008 ). Jühnde's advantages were its suitable size -which was important economically: if it was too small, building biomass plants would not be profitable -, a sufficient area for biomass production, and the farmers' willingness to use their land for biomass production, and, finally, a good village community with many active associations, which was important to spread the idea within the village and to motivate enough households to participate in the project (Eigner-Thiel, 2005) .
The planning of a bioenergy village needs data from different sources. Firstly, technical data on the biomass plant's output are required. Furthermore, geographical data are needed to identify suitable crops for the location and to calculate potential yields. In addition, economic data on the investment and operating costs must be calculated. But the most important are social factors like the people's motivation to engage in the planning process and the social networks' quality, because as many people as possible have to be and kept informed during all the planning stages. Without people's willingness, such a project cannot be implemented.
After diverse planning stages (informing the inhabitants, closing contracts with farmers and heat consumers, building and operating licenses, etc.) during 2001-2004, construction started. The technical concept's central component is the biogas plant, in which microorganism turn liquid manure and other wet biomass to biogas by means of wet fermentation. In the combined heat and power plant (CHP), the biogas is turned into electricity and heat: electricity is fed into the public grid; heat is used for warming water, which is piped to the connected households by the district's heating network. To cover the high demand for heat in winter, the plant is augmented by a woodchip heating plant and an oil heating plant as contingency reserves.
Heat distribution started in September 2005. Today, 75% of Jühnde households receive about 2,800 MWh heat per year from the biogas plant. The rest of about 1,500 MWh heat per year is supplied by the woodchip heating plant. The production of electricity is about 4,000 MWh electricity per year, which the local energy supply company purchases. The price of the electricity is regulated by the EEG (Renewable Energy Sources Act).
There have been different impacts on the individuals, society, economy, and ecology in the wake of the substitution of biomass for oil in the bioenergy village Jühnde. With regard to the greenhouse effect, the ecological benefit can be quantified by a 70% per person reduction in the carbon dioxide emissions. After a financial deficit in the year of installation and start-up in 2005, the operating company recorded a positive annual surplus. Since then, the heat customers have saved about €800.00 per year. Psychological research has shown that people who were actively engaged in the planning process experienced a more interesting 'village community' and 'individual learning experiences.' In this context, different methods of public relations, participatory planning, and planning workshops were realized and documented (Eigner-Thiel, 2005) . The inhabitants of Jühnde are predominantly very satisfied with the heat supply (Ruppert et al., 2008) . However, during the decision process for the optimal bioenergy concept in Jühnde, ecological, economical, and social objectives were opposed in a few situations (Eigner-Thiel & Geldermann, 2009) .
The idea of the bioenergy village spread to other parts of Germany and even to other countries (Ahl et al., 2007) . Nevertheless, potential initiators can only draw on the limited experiences from existing bioenergy concepts. Diverse life-cycle assessment studies were compiled for a methodological analysis of environmentally relevant material and energy flows for biomass use for energy. However, natural scientists criticize the assessment of the impacts, as the interrelations are usually too complex to be modeled by linear impact factors. Besides these aspects, these studies do not support the impact on the affected local stakeholders, as economic and social perspectives as well as local aspects are usually underrepresented. The assessment from a social perspective and the linkage of the three spheres (ecology, economy, society) were just analyzed simplistically (see Hofstetter, 1998 as an early, comprehensive study).
For a comprehensive assessment of different bioenergy concepts pertaining to all three mentioned aspects, sustainability's general criteria can be used as a first source. Their actual application may, however, lead to very different and even conflicting results. Chapter 40 of Agenda 21 (United Nations, 1993) , states that the usual indicators like a country's gross national product or unemployment rate do not suffice to describe the development status of sustainability. Therefore, beyond the existing economic characteristics, further indicators have to be developed to represent the three dimensions of sustainable development as accurately as possible.
There are, however, significant difficulties defining such indicator systems; possible indicators might not be precise, specific, or comprehensive enough to reflect the sustainability of local and regional developments (see Heiland, Tischer, Döring, Pahl & Jessel, 2003; Fleury, 2005) . In order to make more specific statements with regard to the establishment of bioenergy villages and other bioenergy projects, the specific focus should be on the area of biomass as a renewable energy resource. After preliminary theoretical considerations regarding the definition and formulation of sustainability criteria, actual significant and quantifiable criteria should be chosen for the specific area of biomass use for energy. The obtained original, qualified data must be converted into quantifiable data to use them as a criterion. Currently, there is no general system for the specification of the indicators, due to the specificity and the complexity of relevant issues. Thus, in addition to the orientation to the principles of sustainability (see Agenda 21), it is crucial to transparently describe the requirements of the indicator system (see, e.g., Reul, 2002; Werheit, 1996) .
In the first place, the mounting requirements regarding sustainable development due to an increasing awareness of climate change impacts, mandate the consultation of interdisciplinary expert groups to consider the numerous, and partly opposing, objectives and criteria within a bioenergy assessment. In most existing decision situations, there is no dominating alternative that meets all the objective criteria of sustainable development and which could thus be unanimously chosen from all other alternatives. In fact, most alternatives have characteristic strengths and weaknesses requiring some kind of trade-off. In figure 1 , it is clear that common sense can be easily overwhelmed if one has to choose the most sustainable alternative, because too many aspects have to be taken into account and their varying priorities weighted against one another. A central biogas plant, one farmer's biogas plant and a bioenergy village are examples of possible bioenergy concepts. The bars' different heights display the various values of attributes within the criteria catalog on each concept. In contrast to other sustainability indicator catalogues, some technical criteria are considered explicitly (see the section "Criteria-developing process").
During the process of balancing and condensing information, many aspects are considered, which can quickly lead to a situation in which common sense no longer suffices (Dörner, 2003; Vester, 2003; Miller, 1956) . The larger the number of people involved in the decision process, the more the support needed to objectively and efficiently arrive at complicated decisions. Decision models with several objectives often describe reality better than models with only one objective, which has led to numerous new approaches to multi-criteria decision support having been developed in the last 30 years (Figueira, Greco & Ehrgott, 2005; Hwang & Yoon, 1981; Yue & Li, 1998; Munda, 1995) . Oberschmidt, Ludwig, & Geldermann (2009) analyzed concepts for regional energy supply with a multi-criteria decision model. The study focused on the objectives: economic efficiency, security of supply, and environmental effects.
In the theory of decision support and multicriteria analysis, weighting is one of the most disputed steps due to its relatively subjective character. Decision trees and objective hierarchies can, however, be used to operationalize ecological, economical, social and technical criteria, and represent them through certain attributes (e.g., CO 2 emissions as an attribute of the ecology criteria, see also figure 1).
deCisioN sUpporT for CoNCepTs for sUsTaiNalble biomass Use for eNerGy structure of the Theoretical model for multi Criteria decision analysis (mCda)
The simulation of the complex group decision process regarding sustainable biomass use for energy in a defined rural area is realized in a multi-criteria decision model.
Multi Criteria Decision Analysis (MCDA) has been widely applied in environmental and in bioenergy contexts. Mustajoki (2003) describes the usage of this method in the field of lake regulation policy; Malczewski (1999) established a link between spatial approaches (GIS) and MCDA; while Buchholz, Rametsteiner, Volk and Luzardis (2009) provide a comprehensive overview of the application of MCDA in the context of bioenergy.
The MCDA process can be divided into four stages. In the first stage, the overall objective, which is to be specified in more detail in the criteria hierarchy, has to be defined. Alternatives that can meet the defined objective are compiled in the lowest level of the criteria hierarchy (second stage). The modeling and the information processing occur in the third stage, in which the values of the attributes are calculated for the alternatives. In this stage, the weighting process is considered: Depending on each attribute's relevance, the value is taken into account with a related weight of importance. Finally, the results are made visible with graphs and charts to assess the alternatives and choose one alternative.
In the first stage, one relevant element of this model is the criteria hierarchy to structure the decision group's objectives. One way to do this is the top-down approach by starting with
Figure 1. Schematic presentation of conflicting utility values of different bioenergy concepts
the overall objective (sustainable biomass use for energy) and expanding it with more detailed targets, which should adequately cover all ecological, economic, social and technical aspects but not create redundancy. The targets on the undermost level are represented by certain attributes, which can operationalize the objective on an ordinal or cardinal scale (see figure 2) (Belton & Stewart, 2003) . Furthermore, each criterion is assigned to a grade of relevance regarding its importance for the special decision-maker or stakeholder group (weighting process).
Based on this information, the different concepts for biomass use for energy can be assessed on the grounds of their compliance with the primary objective "sustainable development". The implementation of various data sets in the decision model's information system is associated with this process. The data sets are required to calculate the values of all the considered bioenergy alternatives' attributes. Since bioenergy extends to many areas like agriculture, social sciences, economics, and earth sciences, the data bases are very heterogeneous (see section "Data sets"). Secondly, the visualization of the results, which relates to the requested information, is a challenge for the information system (see section "Visualization").
The Criteria-developing process

Framework of an Exemplary Project
The research project will be used as an example to describe the development of criteria and the application of MCDA in the field of bioenergy. The three-year project "Sustainable use of bioenergy: bridging climate protection, nature conservation and society" started in February 2009 (www. bioenergie.uni-goettingen.de). Consequently, the criteria-developing procedure presented in this chapter is preliminary, while the entire decision process is iterative. Nevertheless, the informationdeveloping procedure is already applicable and will be realized in the subsequent steps.
Within this research project, 17 scientists study a wide variety of aspects from very different disciplines like economy, earth sciences, social sciences, psychology, and agronomy, which are all relevant for the planning of bioenergy concepts. The actual work packages are structured into six sub-projects. Naturally, each scientific discipline will employ its own methodological toolkit and will produce different kinds of data, information, and knowledge. The challenge for both the project management and decision support is the amalgamation of the relevant data. Both tasks are the subject of the interlinking sub-project "Development and testing of assessment criteria and methods". In this chapter, the demands for the development of an information system for the assessment of different bioenergy concepts for sustainable development are presented. In the following, the four steps are described:
• The definition of sustainable development, • the compiling of a criteria list, • the defining of biomass alternatives, and • the establishing of a criteria hierarchy.
Definition of Sustainable Development
In order to assess the different bioenergy alternatives regarding their effects on sustainable development, a suitable definition is required.
There are many different definitions of sustainable development. Some only refer to ecologic aspects like the indicator system SCOPE (1995). The most comprehensive system of indicators, which also considers social and economic aspects, is the UN Commission's Sustainable Development (CSD) indicator system. With its approximate 130 indicators, it is also a good basis for the comparison of bioenergy concepts. In the scientific literature, strong and weak sustainability are distinguished: Weak sustainability means that the value of a single dimension can be substituted by another (e.g., high ecological values can substitute low economic ones), whereas strong sustainability means that there is no substitution possible between the dimensions (Wuppertal-Institut für Klima, Umwelt, Energie, 1997; Daly, 1999) .
The definition of strong sustainability was chosen to compare bioenergy concepts. The technical conversion of biomass is one of the distinct criteria for the assessment of different bioenergy concepts. Therefore, to enhance the criteria development and assessment's transparency the technical dimension was added to the ecological, social, and economical dimensions.
Compiling of a Criteria List
From the different disciplines' perspective, criteria for the evaluation of bioenergy concepts were collected from experiences gained in local bioenergy projects (mainly the project "Bioenergy village Jühnde" and other village projects in the Göttingen district in Lower Saxony (Ruppert et al., 2008) , from the literature, and from discussions with experts (project-internal and external experts).
The literature review concerned the many indicator systems for assessing sustainable development as described in, for example, Breitschuh, Breitschuh and Eckert (2008) , Gamba (2008) , Hoffmann (2007) , Rösch, Skarka, Raab and Stelzer (2009) The greatest challenge was to make everybody in the discussion groups understand that a criterion is only appropriate for the list if it differs from comparative alternatives, for example, geographic data like the soil type or the air temperature of a particular agricultural area will remain the same although different bioenergy concepts are compared for this area. Finally, since the geographic data cannot distinguish between the different concepts, the differentiating function is important when selecting criteria. It is important to mention that these indistinguishable data are used in a pretest to distinguish between different agricultural areas for possible use. However, the comparison of various bioenergy concepts will focus on the same section of agricultural land.
The next step of the development procedure is to test the identified evaluation criteria in an iterative process in terms of their applicability and significance for the evaluation of concepts for biomass use. In this case, the data for the assessing the criteria will originate from the scientists of the other sub-projects (see below, section "Data sets").
bioenergy alternatives
The overall aim of the research effort is to compare the sustainability of different bioenergy concepts regarding agricultural land of a specifically defined size (e.g., 300 hectares). The calculations for the comparison are related to a well-defined area of farmland in Lower Saxony. This area should have special natural characteristics like climate, soil type, elevation, air temperature, etc., which need to be taken into account for the comparison of the bioenergy concepts. Within these preconditions, two spatial dimensions are considered (figure 3):
1. different kinds of bioenergy villages as local bioenergy concepts (local dimension) 2. alternative regional bioenergy concepts (regional dimension)
For the local dimension, the following presumptions have to be met for a comparison of different approaches to bioenergy villages: The approaches are based on the bioenergy village Jühnde's concept. Therefore, the technical components will be a biogas plant, a combined heat and power station, a heating plant fuelled by wood chips, a hot-water grid, and a boiler fuelled by oil or biodegradable diesel (as a contingency reserve). Furthermore, it is assumed that 70% of the households have a connection to the local hot-water grid.
The alternatives are developed by combining one choice from the following four aspects:
• the kind of crop cultivation for the biogas plant: conventional vs. organic vs. crops from contaminated soils, • the biomass fuel for the heating plant: wood, straw or wood from contaminated soils, • the operating company: one investor from outside the village or a corporation with collective investors, with the majority originating from the village, and • the possibility that the people could participate: yes or no.
On the regional scale, the result of the calculation of the most sustainable alternative of the bioenergy village concepts is compared with other possible bioenergy concepts related to this The results could be statements like, "The bioenergy village concept yx is the most sustainable alternative for this special farmland" (this would be a local solution), or "The most sustainable solution for this farmland would be to cultivate 10% of the biomass for a central biogas plant from which to obtain biogas fuel" (this would be a regional solution).
The specification of the attributes needs to be collected and documented for the different alternatives. At this point, the structure of the central database for the information management is particularly important. In the described project, the data will be obtained from the other sub-projects.
Bioenergy concepts so far are intentionally not compared with other forms of renewable energy because the scope would then be too broad and an in-depth differentiated comparison for users would be impossible. Nevertheless, Oberschmidt, Geldermann, Ludwig and Schmehl (2010) offer an exemplary comparison of different forms of renewable energy.
The weighting process
Once the data have been collected, the criteria hierarchy for this sub-project is systematically and transparently compiled in workshops. The workshops are important for the prospective participants to gain comprehensive awareness of the problem. This will support an efficient discussion and a transparent and pleasant decision-making process. Besides the consensus orientation, the criteria hierarchy's transparency is relevant for the application of multi-criteria decision methods in a moderated workshop setting (Geldermann, Zhang & Rentz, 2002) . The workshops also allow for an iterative definition of the relevant decision criteria: If one of the other involved scientific disciplines has found a more significant criterion or a criterion that can be measured much easier, the criteria hierarchy can be adjusted accordingly. Effective structuring, systematic management, as well as decision-making transparency are guaranteed by the application of different moderation methods (incl. the metaplan method). In addition to presenting means of visualizing (pin boards, charts in different forms and colors as well as glue dots), a moderator will facilitate the decisionmaking process by, for example, using value dots, argumentation, and decision charts. These methods will ensure that all the decision-makers have a consistent level of information. The relevant data and information need to be tracked by and stored in an information system. The structure and organization of the hierarchy of criteria form the basis of a systematic and quantitative assessment. Information must be recorded adequately in the information system without compromising the interdependencies of the data. 
data sets
Types of Data for the Comparison of Bioenergy Concepts within an Information System
As outlined, a comprehensive assessment of various bioenergy concepts is only possible by means of an interdisciplinary effort. Table 2 shows the scientific disciplines contributing to the mentioned research project, and indicates the type of data they usually deliver: natural scientists and engineers most often produce quantitative or quantifiable data, while the humanities and social sciences can deliver qualitative results. The different natures of these data will be illustrated by the following examples, which require appropriate information system support.
Analysis of Site-Specific Biomass Potentials and Optimization of the Energy Crop Production
In the context of local and regional bioenergy concepts knowledge about the local availability of biomass for energy is an important aspect. Estimations of the national biomass potential are usually not sufficient. Thus, the site-specific biomass growth's yield potential has to be investigated and simulated in Geoinformation Systems (GIS). Therefore geo-referenced input data regarding radiation, precipitation, evapotranspiration, temperature, and soil properties need to be compared with the cultivation-specific requirements on the site to allow the biomass production yield to be modeled (Bauböck, 2009 ). Consequently, a special modeling software is required to handle the comprehensive data sets and should offer a userfriendly interface for analysis. However, the data will be obtained on the local site and modeled up to the regional site with statistical extrapolation procedures. The outputs are databases and maps to illustrate the biomass potential of distinct agricultural land and in selected counties in Lower Saxony. These spatial data are necessary for the multi-criteria decision analysis of the bioenergy concepts on both the local and regional levels. Especially the organic cultivation of biomass requires the agricultural sector to make a more significant contribution to nature and landscape through mixed cultivation or a reduced application of fertilizer and pesticides than in conventional cultivation. Thus, a suitable evaluation tool is needed for consultants and farmers to estimate agricultural processes' performance from a nature conservation point of view. Criteria for evalua- 
Consensus-Oriented Expansion of Bioenergy
Biomass use for energy is not always met with broad acceptance. There are barriers, which complicate the realization of biomass projects. The utilization competition between the production of energy crops and food production is one aspect that inhibits the acceptance of bioenergy concepts. Besides economic reasons, farmers' willingness to cultivate energy crops depends on many behavioral factors like environmental awareness, attitude to risks, knowledge, involvement, and others. Thus, the decision-support tool should take the drivers and barriers into account that interviews, questionnaires, and subsequent statistical analyses reveal. The plant operator's long-term management of the biomass input and the farmers' acceptance of the offered price are relevant elements for an efficient bioenergy project. Models can support the process of arriving at a contract and should consider information on the contract period, define the terms of the coordination, the price escalation clause, options for cancellation, and rewarding ecological performance benefits. The origin data can be qualitative as well as quantitative. For example, opinion making, which is influenced by the social environment, is better described verbally, while critical price limits can be better described numerically (Granoszewski, Reise, Spiller & Mußhoff, 2009 ).
Aspects of Specific Bioenergy Concepts
An example of a specific bioenergy concept is the use of biomass from contaminated sites for energy.
Contaminated sites that may be polluted with hazardous substances (e.g., heavy metals) due to mining activities or by flooding with contaminated water, thus complicating food and fodder production at these sites, offer an interesting option for energy conversion (Deicke, Ruppert & Schneider, 2006) . In this case, the phytoremediation (cleaning of contaminated soils by means of plants) is not an objective. On the contrary, the cultivated energy crops should not absorb the hazardous, toxic substances. The use of biomass from contaminated sites can require special arrangements to guarantee they are handled correctly and can influence farmers and the inhabitants' acceptance of bioenergy. These attributes of acceptance will flow into the calculations of the MCDA. Moreover, the chemical analyses of the digestate, which will be used as fertilizer afterwards, have to be taken into account. Consequently, further alternatives, which go beyond the normal set of alternatives and criteria for non-contaminated sites on the local and regional levels, need to be defined.
Furthermore, the emission of fine dust due to the burning of straw and wood (e.g., in wood pellet heating) may result in limited acceptances of bioenergy concepts. In order to assess the hazardous potential of the exhausted air, particle-size simultaneous analysis of the organic and inorganic components and an electron-microscopical characterization of the fine dust are performed. Relevant parameters, which are associated with a measurement's result, have to be distilled. The extensive results of such an analysis are stored in databases and can be evaluated by means of multivariate data analysis. From this, environmental as well as acceptance attributes will be derived for the combustion of wood, straw, and biogas.
Optimization of the Production and Distribution System
Before a bioenergy village's economic criteria can be compared with those of an optimized, centralized bioenergy concept run by a commercial heat supplier, the production and logistics need to be optimized through suitable operations research approaches. On the one hand, the agricultural and forestry sectors with their corresponding infrastructure form the production system which supplies the needed resources to the biomass plant. On the other hand, the distribution of heat and electricity supplied by the biomass plant has to be planned.
Both the production and the distribution system can be modeled and the optimal costs be derived, which will depend on the specific local situation and the existing constraints. For example, configurable parameters are the dimensioning and structure of the local hot-water grid, or the area of agriculture and grassland required for the cultivation of energy crops for one village's energy supply. The model of the production and distribution system is described as a linearized system of equations. The simplex procedure is one possibility to solve such mathematical problems (Neumann, 1975; Zimmermann, 1987) . Further optimization approaches can be realized by "branch & bound" and graph-theoretical methods. The constraints of these models may be the potential of biomass or logistical restrictions. All of these models need decision-relevant data and will deliver economic criteria.
Data Consolidation
The consolidation of data from the diverse scientific fields has to consider several aspects: The data have different reference values (site-related yields, plant-specific operating cost per year, share of the population, etc.), and are stored in different formats (shapefile, spreadsheets, text file, etc.) . Figure  4 illustrates some of the diverse data structures and formats applied in this project and, finally: Figure 5 presents the graphical presentation of an MCDA. Moreover, the data quality can vary, as the data from a chemical analysis could have small ranges, while data on the operating level could have a much higher margin of deviation. In this context, the challenge is the data transmission into the system's specific data format since information is a very critical actor in decision and opinion making (Visser, Stuckenschmidt, Wache & Vögele, 2001; Page & Rautenstrauch, 2001 ).
Figure 4. Variety of data formats
For the decision support within an MCDA model, the decision-relevant data need to be available in a decision table containing cardinal or ordinal values. Consequently, decisive qualitative data must be converted into quantitative data. Thus, it is essential to develop a database and a data dictionary for the utilization of all crucial data in the MCDA and for tracking and tracing the transformation of the raw data. As long as an all-embracing information system is not yet fully functioning, a data dictionary will compile all the metadata and information relevant for the different purposes within the assessment of bioenergy concepts. In contrast to the actual database, a data dictionary will not contain the actual data, but rather the structure of the data (European Environmental Agency, 2007 ). An important issue for the consolidation of the data is, for instance, the equalization of the data structure at the same geo-referenced site. Thus, ecological data (e.g., climate data, habitat data, crop production data), economic data (e.g., investment, operating costs, costs for logistics), social data (acceptance by the population, possibility to participate in the planning process) and technical data (e.g., degree of efficiency) must have at least the same data structure (data format), table properties, and characteristics to combine them in the MCDA. All the corresponding metadata (e.g., source of information, processor, storage place, administrator, and user rights) will be stored in the dynamic data dictionary. Similar challenges are relevant for the development of a consistent life cycle inventory database. Hischier and Gilgen (2005) emphasize the relevance of standardized, comprehensive, and actual life cycle inventory databases. In their ECOINVENT project, a clearly defined and comprehensive data exchange format is used, which includes meta-information, modeling, and validation as well as administrative information. Furthermore, there are already approaches to implement geographic information in life-cycle databases and vice versa. On the one hand, the inventory data can be site-specifically assigned in the geographic information system. On the other hand, the geographic data can be used to identify the correct characterization and weighting factors for the life-cycle assessment (Wei & Carlson, 2002) .
visualization
Profiles for Different Concepts of Biomass Use for Energy
Modern information systems do not only store and process data and information, but also display them in a user-friendly manner. Currently, visual representations of data tables, such as bar charts, pie charts or trend lines, are widely used.
Figure 5. Example of a possible graphical presentation of a comparison of six alternatives (A-F) with regard to five criteria and under consideration of the uncertainties by means of Monte-Carlo Simulation
Especially in interdisciplinary research topics, the derived research results need to be presented to many lay-persons in the respected scientific disciplines. For instance, social scientists and natural scientists have to communicate their results to each other, but also to the interested public, like the village community or the local administration seeking advice on building a bioenergy village. Thus, it is essential to present the analyzed bioenergy concept's expected benefits and disadvantages for the specific village or region in an understandable way.
An open scientific question is the visualization of specific aspects of the problem to represent the fact that some aspects are characterized by considerably more assessment criteria than others. In decision theory, this is referred to as 'bias,' which is generated by highly unsymmetrical criteria hierarchies (Hämäläinen & Alaja, 2008) .
For the assessment of the different bioenergy concepts, profiles will be generated to depict the impacts of sustainable development's three pillars for direct comparison. Utilizing methods from operations research and from main component analysis, a high dimensional solution space can be graphically illustrated (Bertsch, Treitz, Geldermann & Rentz, 2007; Bertsch, Geldermann, Rentz & Raskob, 2006; Treitz, Bertsch, Schollenberger, Geldermann & Rentz, 2008; Geldermann et al., 2007 ) (see figure 5 ).
Psychological Aspects
Cognitive aspects lead to people perceiving graphically visualized evaluation results in different ways. Exposure to graphical representations is not self-evident or elemental and must therefore be learned (Cox & Brna, 1995; Petre & Green, 1993; Weidenmann, 1994; Ainsworth, 1999) . The use of graphics for the visualization of nonspatial, abstract information, most prominently economic data, has only been in common practice in the West since the 18th century (Tversky, 2000; Roth & Bowen, 1999) . Consequently, graphical representations can easily be misunderstood, especially by inexperienced persons and are therefore prone to superficial interpretations (Weidenmann, 1994; Cheng, Lowe & Scaife, 2001) . It is therefore important to edit the results of the multi-criteria decision support graphically so that perception-psychological knowledge is taken into consideration. This is open for further research.
Representation is the illustration of an issue in the mind (Palmer, 1978) . According to Larkin and Simon (1989) , the concept can be differentiated into propositional (similar to language and to logical statements, linearly arranged information) and graphical representations (use of spatial relations, availability of information at a glance). On the other hand, individuals' different cognitive styles are also relevant. There are 'verbalizers' and 'visualizers,' i.e. people with different preferences for the kinds of illustrations and, therefore, with a different understanding of them (Cox, Stenning & Oberlander, 1994) . The first studies were undertaken by Schmuck, Eigner, Kaufhold, and Kraproth (1998) on the understandability of various symbols for specific product and company groups' assessment according to sustainable development aspects. It was shown that various symbols can have very different effects on the speed and the clarity of perception. The best way to visualize the outcome of the MCDA concerning the biomass alternatives described in this article will be the result of specific psychological studies, which will be part of this research project in the next weeks.
CoNClUsioN
The development of an information system for the assessment of different bioenergy concepts concerning sustainable development has to take into account the requirements needed to support local and regional decision-makers in choosing suitable and sustainable concepts for the context conditions in their villages and regions.
An information system for the assessment of different bioenergy concepts concerning sustainable development has to manage data on ecological, economical, social and technical aspects. On the synthesis side, there are data on geo-referenced environmental information, surveys on acceptance, the technical characteristics of biomass plants, the documentation of interviews and questionnaires, chemical analyses' results, etc. The challenge is not only the vast amount of data in very inhomogeneous formats, but especially the mastering of the logical coherence of the data from different scenarios.
To date the spatial and temporal scaling problem has been unsolved. Specifically, in the field of interdisciplinary research, in which economists, natural scientists, and social scientists work together and collect data on different spatial and temporal scales, further research is needed to extrapolate and model the data from one scale to another in the different research fields and to combine them properly.
It is strongly recommended that such complex questions are put to interdisciplinary experts involved in sustainable development.
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